Laboratory survival experiments have shown that dietary restriction (DR) can increase median and maximum lifespan. This paper provides a meta-analysis of laboratory experiments that have evaluated the effects of DR on lifespan in rats and mice (1934-present). In rats, DR increased median lifespan by 14-45% in half of all experiments, but in mice the effects of DR have been much weaker (4-27%). The least favorable effects of DR on lifespan have been observed among inbred rather than non-inbred mouse strains. In fact, some inbred mouse strains do not necessarily live longer with DR, including DBA/2 male mice and several strains from the ILSXISS recombinant inbred panel. Shortening of lifespan with DR has also been observed and confirmed for ILSXISS strain 114. Importantly, all rodent studies may be biased by the effects of laboratory breeding, since one study has shown that median lifespan is not improved by DR in wild-derived mice. These findings suggest that the set of genetic backgrounds studied in rodent DR experiments should be diversified. This will broaden the scope of genotypes studied in aging research, but may also be critical for translation of findings from rodents to historically outbred and genetically heterogeneous primate species.
Introduction
Diet restriction (DR) has been investigated for decades as an intervention that increases the lifespan of model organisms. This effect was initially uncovered in survival experiments performed using laboratory rats (Osborne et al., 1917; McCay et al., 1943) , and has since been confirmed in a broad range of experimental settings (Weindruch and Walford, 1988; Turturro et al., 1999) . Such findings have laid the foundation for intensive investigations of DR and its associated mechanisms, along with efforts to develop DR mimetic pharmaceuticals and studies for evaluating long-term effects of DR in rhesus monkeys and humans (Ingram et al., 2006; Holloszy and Fontana, 2007; Colman et al., 2009 ). The conserved character of the DR response and its consistent effects on lifespan has often been emphasized (Cantó and Auwerx, 2009; Anderson and Weindruch, 2010; Omodei and Fontana, 2011; Xiang and He, 2011) . To support this idea, abundant evidence is available from survival experiments using laboratory rodents (Weindruch and Walford, 1988; Turturro et al., 1999) , and DR protocols have also been shown to increase the lifespan of diverse invertebrate species (Austad, 1989; Partridge et al., 2005; Kaeberlein et al., 2006; Lee et al., 2006) . Nevertheless, contrary evidence has been reported. For example, DR protocols have failed to increase lifespan in D. melanogaster (Le Bourg and Minois, 1996, 2005; Libert et al., 2007; Lee et al., 2008) , the nematode C. remanei (Sutphin and Kaeberlein, 2008), medflies (Carey et al., 2002) , rotifers (Kirk, 2001; Weithoff, 2007) , butterflies (Beck, 2007; Molleman et al., 2009) , the spider L. hasselti (Kasumovic et al., 2009) , and houseflies (Cooper et al., 2004) . Likewise, despite repeated demonstrations that DR can increase the lifespan of laboratory rodents (Weindruch and Walford, 1988; Turturro et al., 1999) , recent studies appear to have identified strains that fail to exhibit increased lifespan in response to DR (Harper et al., 2006a; Liao et al., 2010a; Rikke et al., 2010) . These findings have challenged the view of DR as a robust pro-longevity intervention and suggest that connections between DR and basic aging mechanisms may be more complex than is widely believed (Hayflick, 2010) .
It has frequently been stated that DR increases the median and/or maximum lifespan of laboratory rodents by 30-50% (e.g., Weindruch and Sohal, 1997; Wanagat et al., 1999; Sonntag et al., 2000; Fontana et al., 2010) . This has certainly been observed in some rodent studies (e.g., Goodrick et al., 1982) , but the 30-50% approximation may poorly represent the complete spectrum of laboratory outcomes. Indication of this is provided by two studies that evaluated effects of DR on lifespan of mice from the ILSXISS recombinant inbred panel (Liao et al., 2010a; Rikke et al., 2010) . Almost none of the inbred strains exhibited the oft-cited 30-50% increase in median or maximum lifespan, and for most strains, DR had either no effect on lifespan or shortened lifespan (Liao et al., 2010a; Rikke et al., 2010) . While surprising, this result was not unprecedented. DR protocols have also failed to increase median lifespan of white
